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BASIC-ABSTRACT: 

The manufacturing method of an oxide superconductivity wire involves filling of a 
metal pipe (1) with powder of an oxide superconductive body at a temperature of 
200-800 deg.C. Then it is processed so that the powder is made into a shape of 
wire. Next sintering processing is carried out in a vacuum enclosure which results 
in the formation of a sintered body of an oxide superconductive body (2) . 

ADVANTAGE - Provides good superconductivity. Provides homogeneity of cross 
sectional shape. Improves manufacturing efficiency of oxide superconductivity wire. 
Avoids problem of swelling. 
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ABSTRACT : 

PURPOSE: To provide an oxide type superconducting wire of metal cover type which 
can perform sintering process without swelling, etc., even in the case of a long 
stretching body and excels in the evenness in the section shape and in the 
superconductive characteristics . 

CONSTITUTION: A rod-form shaping consisting of powder- of oxide superconductor is 
vacuum encapsulated in a metal pipe 1 in the condition decompressed below l/103Torr 
under a heating to 200-800°C, and the resultant is, if necessary, subjected to a 
diametric contraction and processed into a wire form, followed by a sintering 
process, and a sintered body 2 is obtained in which the internal oxide 
superconductor is consolidated. This allows producing an oxide superconducting wire 
which excels in the filling effectiveness into the metal pipe according to the 
shaping body system and which is manuf acturable effectively and stably. 
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CLAIMS 
[Ciaim(s)] 

[Claim 1] The manufacture method of the oxide superconductivity line characterized by 
processing a wire rod form after carrying out vacuum enclosure of the rod-like forming object 
which consists of powder of an oxide superconductivity object into a metal pipe in the state 
where it decompressed under 200-800-degree C heating at 1/103 or less Torr, carrying out 
sintering processing of it, and making an internal oxide superconductivity object unify. 
[Claim 2] The manufacture method according to claim 1 with which processing to a wire rod 
form is presented after carrying out diameter reduction processing of the vacuum enclosure 
thing. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the manufacture method of a metallic coating 

type oxide superconductivity line of having prevented sintering ****. 

[0002] 

[Description of the Prior Art] Conventionally, filled up the metal pipe with the powder of the 
oxide superconductivity object, and heat-treated, the powder of the oxide superconductivity 
object was made to sinter after processing wire rod forms, such as a wire and a tape, and the 
manufacture method of the superconducting wire of having a sintered compact 2 inside the 
metallic coating layer 1 like illustration at drawing 5 was known. However, there was a problem 
that swelled at the time of sintering, produced 1 1 (expansion part) etc., and a uniform-shaped 
superconducting wire was not formed, this - swelling - etc. - generating also had the problem 
that the **** induced the crack in a sintered compact (superconductivity layer), and reduced the 
superconductivity characteristics, such as critical current density, while it was remarkable and 
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became an obstacle at the time of processing it into a coil etc., especially when the long body 

of several 1 0cm or more was acquired. 

[0003] 

[Problem to be solved by the invention] also in the case of the long body, this invention swells - 

- etc. ~ sintering processing can be carried out without generating and let development of the 
manufacture method of a metallic coating type oxide superconductivity line of excelling in 
homogeneity-shaped [ cross-sectional ] or the superconductivity characteristic be a technical 
problem. 

[0004] 

[Means for solving problem] This invention the rod-like forming object which consists of powder 
of an oxide superconductivity object in a metal pipe Under 200-800-degree C heating, After 
carrying out vacuum enclosure in the state where it decompressed to 1/103 or less Torr and 
carrying out diameter reduction processing if needed, a wire rod form, is processed, and the 
manufacture method of the oxide superconductivity line characterized by carrying out sintering 
processing of it and making an internal oxide superconductivity object unify is offered. 
[0005] 

[Function] swelling by the above-mentioned method of carrying out heating vacuum enclosure 
of the forming object which consists of powder of an oxide superconductivity object into a 
metal pipe, and performing predetermined processing also in the case of the long body - etc. - 

- sintering processing can be carried out without generating and the metallic coating type oxide 
superconductivity line which is excellent in the homogeneity of cross-sectional form or the 
superconductivity characteristic is obtained. 

[0006] Although it is thought that sintering **** is produced from the above when the carbon 
which the powder of an oxide superconductivity object contains, the carbon dioxide by which 
this powder was adsorbed, moisture, the gas further mixed at the time of restoration, etc. 
gasify or expand at the time of sintering processing A gasification ingredient etc. is removed, in 
order to use the powder concerned as a rod-like forming object in this invention and to carry 
out heating vacuum enclosure of it into a metal pipe moreover. Since each powder is enclosed 
in a metal pipe with the efficient restoration workability in the state where the gasification 
ingredient and mixing gas at the time of sintering processing are hardly included, it is thought 
that sintering **** is prevented. 
[0007] 

[Working example] The manufacture method of this invention is a thing which carried out 
heating vacuum enclosure of the rod-like forming object which consists of powder of an oxide 
superconductivity object into the metal pipe, and processed the wire rod form and which 
carries out back sintering processing, is made to unify an internal oxide superconductivity 
object, and obtains a metallic coating type oxide superconductivity line. The oxide 



http://dossierl.ipdl.ncipi.goj 2/2/07 



JP,06-309967,A(1994) [CLAIM + DETAILED DESCRIPTION] 



Page 3 of 7 



superconductivity line concerning drawing 1 , drawing 2 , and drawing 3 was illustrated. It is 
the sintered compact which the metallic coating layer (metal pipe) unified in 1, and the oxide 
superconductivity object unified in 2. 

[0008] The rod-like forming object which consists of powder of an oxide superconductivity 
object can be acquired to drawing 4 , for example by a powder-compacting fabrication method 
with a proper hydrostatic pressure pressurization fabrication method between the colds like 
illustration etc. In addition, in drawing 4 , the form block which 3 becomes from rubber etc., and 
21 are rod-like forming objects which consist of powder of an oxide superconductivity object. A 
rod-like forming object can be made into a proper form according to the cross-sectional form of 
the oxide superconductivity line made into the purpose etc. 

[0009] There is no limitation in particular about the kind of oxide superconductivity object which 
forms the powder with which fabrication is presented. As the example, Bi system oxide 
superconductivity object like Bi2Sr2CaCu20y or Bi2-xPbxSr2Ca2Cu30y, Y system oxide 
superconductivity object like YBa2Cu30y or YBa2Cu40y, Ba system oxide superconductivity 
object like Ba1-xKxBi03, Nd system oxide superconductivity object like Nd2-xCexCuOy, other 
La system oxide superconductivity objects, Tl system oxide superconductivity object, Pb 
system oxide superconductivity object, etc. are raised. 

[0010] Moreover, the thing which replaced ingredients, such as what replaced ingredients, 
such as above Bi, by other rare earth elements, and Sr, with other alkaline-earth metals, or the 
thing which replaced O ingredient by F etc. is raised. Furthermore, the thing which made the 
pinning center contain is raised. The oxide superconductivity object of pinning center content 
has the advantage which shows big critical current density under a high magnetic field 
according to the pin stop effect of the magnetic flux by the pinning center. The oxide 
superconductivity object of pinning center content can be acquired, for example by the MPMG 
method (Melt Powdering Melt Growth) etc. 

[001 1] 0.1-10 micrometers of 100 micrometers or less are suitable for the particle diameter of 
the powder used for fabrication above all. The powder can be obtained by grinding the 
temporary-quenching object or sintered compact of an oxide superconductivity object, for 
example. As for the powder to be used, what repeated temporary quenching, pulverization 
processing, etc. and removed the gasification ingredient at the time of sintering as much as 
possible is desirable. 

[0012] Temporary quenching for removing the aforementioned gasification ingredient, for 
example In the case of the powder of a Bi2Sr2CaCu20y system oxide superconductivity object 
Since the weight reduction also with the high temperature side of 800 degrees C of 
abbreviation for the second time is shown after [ 600 / about ] weight reduction is first shown 
by the about 70 - low temperature side of 500 degrees C of abbreviation it is desirable to 
process with the highest temperature in which weight reduction appears based on the weight 
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reduction curve according to sintering conditions etc. 

[0013] In addition, in the above, weight reduction at low temperature is considered that the 
weight reduction in high temperature is based on the ingredient combined with large binding 
energies, such as hydration, based on evaporation for absorptive water. Therefore, as for 
temporary quenching treatment, generally, it is desirable to carry out at sintering temperature 
or a temperature a little lower than it. Moreover, as for temporary quenching treatment, it is 
desirable to carry out under oxygen gas atmosphere. In the temporary quenching treatment 
under air atmosphere, a gasification ingredient may fully be unable to be removed. 
[0014] Moreover, you may present restoration enclosure into a metal pipe in the state where 
carried out temporary quenching treatment of the rod-like forming object which consists of 
powder of an oxide superconductivity object, and it was considered as the temporary- 
quenching object from the point of removing the gasification ingredient at the time of sintering 
as much as possible in this invention. Therefore, the aforementioned temporary-quenching 
object is also included in the rod-like forming object which consists of powder of the oxide 
superconductivity object in this invention. In addition, an opportunity to adsorb the gasification 
ingredient at the time of sintering processing is reduced, while it is also controlled by 
temporary-quenching embodying of a rod-like forming object that gas mixes at the time of the 
restoration to a metal pipe, the causative agent of sintering **** is removed from a forming 
object by it at the time of temporary quenching, and re-adsorption is also controlled. 
[0015] As a metal pipe for carrying out vacuum enclosure of the rod-like forming object which 
consists of powder of an oxide superconductivity object, the thing of a proper cross-sectional 
form which can accommodate a rod-like forming object can be used, and it can also be 
considered as division forms, such as half-segmented. As a metal kind which forms a metal 
pipe, what is excellent in oxidation resistance or processability is desirable, the alloy which 
contains silver, gold, platinum, and this metal as the example -- the high-melting point alloy like 
silver and a platinum alloy, and silver and a palladium alloy etc. is raised above all. 
[0016] In the above, the metal pipe may be formed by the composite material which carried out 
distributed content of alumina, chromic oxide, silica, zirconia, Chita Near, a flower of zinc, a 
calcium oxide, manganese oxide, iron oxide, cobalt oxide, and the oxide particulates like 
vanadium oxide, for example. This composite-izing may be effective in the; improvement of 
mechanical properties, such as intensity, and the improvement in the superconductivity 
characteristic at the time of processing a metal pipe as an enveloping layer of a powder layer 
or a superconductivity layer. 

[0017] Vacuum enclosure of the 1/103 or less Torr of the rod-like forming object which consists 
of powder of an oxide superconductivity object in this invention is preferably carried out into a 
metal pipe under 200-800-degree C heating in the state where it decompressed to 1/105 or 
less Torr. The method which carries out vacuum suction of the inside of a pipe, and seals the 
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opening end of a pipe while this vacuum enclosure heats the rod-like forming object concerned 
to predetermined temperature after filling up a metal pipe, for example, After placing the metal 
pipe which filled up with the rod-like forming object concerned the decompression atmosphere 
adjusted to a predetermined temperature and a predetermined degree of vacuum and 
considering it as vacuum enclosure conditions, a method with a proper method which seals the 
opening end of a pipe may perform. The seal processing can take proper closure means, such 
as sticking by pressure, and press processing, sealing. 

[0018] After processing it into the target wire rod form, sintering processing is presented, but 
the metal pipe which enclosed the rod-like forming object may give diameter reduction 
processing, before processing a wire rod form if needed in this invention. This diameter 
reduction processing is effective in the improvement in the processability to a wire rod form, as 
a result improvement in the superconductivity characteristic for the purpose of losing the 
opening between a rod-like forming object and a rod-like metal pipe. In addition, a method with 
a dice method, proper sizing method or forge method, etc. may perform diameter reduction 
processing. 

[0019] Proper methods, such as small-gage-wire-izing by the **** processing which minded the 
dice etc., for example, and shape[ of a tape ]-izing by the rolling processing through a pinch roll 
etc., may perform processing to the predetermined wire rod form of the metal pipe which 
enclosed the rod-like forming object. A metal pipe is changed into the metallic coating layer to 
an internal oxide superconductivity object by processing to this wire rod form. 
[0020] In addition, in this invention, you may perform press processing the time of processing 
to a wire rod form, and after the processing (before sintering processing). Press processing is 
effective in stabilization of quality, or improvement. Moreover, press processing may be 
repeated two or more times, and a heating process is established among press processings in 
front and behind in that case. 

[0021] Sintering processing is for bulk-izing the oxide superconductivity object in a metallic 
coating layer, and making it unify. In this invention, you may perform sintering processing to 
what was made into secondary forms, such as a coil. Sintering temperature is suitably 
determined according to the kind of oxide superconductivity object. Generally it is 700-1200 
degrees C. Moreover, you may perform sintering processing under pressurization atmosphere 
by accommodating a sintering subject in the heat-resistant resisting pressure container of a 
sealing system. Pressurization atmosphere acts as the external pressure which prevents 
generating of sintering ****. 

[0022] For example according to kinds of oxide superconductivity object, such as oxygen gas 
atmosphere, air atmosphere, and nitrogen-gas-atmosphere mind (content of oxygen gas is 
possible), you may determine a sintering atmosphere suitably. Although the sintering 
processing in dryness atmosphere can prevent moisture participation and is desirable, not 
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necessarily considering it as dryness atmosphere in this invention does not require it. 
Moreover, on the occasion of sintering processing, a closure state is still sufficient as the end 
of a metallic coating layer (metal pipe), and it is good also as an opening state. 
[0023] [ the powder of 0.1-10 micrometers of particle diameter of a Bi1 .8Pb0.4Sr2Ca2Cu3Oy 
system oxide superconductivity object which obtained the operation which; carries out 
temporary quenching at 830 degrees C among the example 1 atmosphere for 20 hours, and 
grinds it by having repeated it 3 times ] It fabricated by the hydrostatic pressure pressurization 
method between the colds depended on a rubber type, and the rod-like forming object 6.0mm 
in diameter and 100mm in length was acquired. 

[0024] Next, a silver pipe with a thickness of 1.0mm and an inside diameter of 7.0mm is filled 
up with the aforementioned rod-like forming object. After carrying out vacuum suction from the 
other end after welding and closing that one end until the decompression state of 1/106 or less 
Torr is stably shown under about 500-degree C heating atmosphere, this opening end is stuck 
by pressure. Subsequently, after welding and closing and carrying out **** processing of it 
through a dice at 3mm of outer diameters, It rolled with a pinch roll, and was processed into 
the tape 3mm in width, 0.3mm (100 micrometers in thickness of a superconductivity part) in 
thickness, and about 10m in length, press processing was performed to it after about 150-hour 
heating at 830 degrees C, it heated at 830 degrees C for about 50 hours, sintering processing 
was carried out in the atmosphere, and the oxide superconductivity line was obtained. 
Sintering **** was not accepted in the obtained oxide superconductivity line. Moreover, the 
critical temperature was 108K and critical current density was 22000A/cm2 (77K). 
[0025] Before example 2 **** processing, diameter reduction processing of the vacuum 
enclosure thing was carried out by the forge method at about 6.5mm of outer diameters, and 
also the oxide superconductivity line was obtained according to the example 1. Sintering **** 
was not accepted in the obtained oxide superconductivity line. Moreover, the critical 
temperature was 106 and critical current density was 19000A/cm2 (77K). ; 
[0026] Only filled up the silver pipe, tape-ized, and sintering processing was carried out in the 
state of the both-ends opening, without carrying out heating vacuum processing of the 
comparative example 1 cylindrical fabrication object, and also the oxide superconductivity line 
about 10m in length was obtained according to the example 1. However, sintering **** was 
accepted in the obtained oxide superconductivity line in many parts. Moreover, the critical 
temperature was 105K and critical current density was 5000A/cm2 (77K). = 
[0027] The metal pipe was filled up as it is, without processing the powder of a comparative 
example 2 oxide-superconductivity object into a rod-like forming object, and also the oxide 
superconductivity line about 10m in length was obtained according to the comparative example 
1. However, sintering **** was accepted in the obtained oxide superconductivity line in many 
parts. Moreover, the critical temperature was 105K and critical current density was 4000A/cm2 
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(77K). 

[0028] In addition, in the above, the critical temperature is temperature when the temperature 
change of electrical resistance is measured by 4 terminal method under the current density of 
10 A/cm2, cooling with a freezer and the generating voltage between voltage terminals is set to 
0. 

[0029] Moreover, critical current density is the value which **(ed) the current value when cool 
to 77K in liquid nitrogen with a power lead, a current value is raised gradually, change by the 
impression current of the voltage between voltage terminals is measured by 4 terminal method 
and the voltage of 1microv/cm appears in a X-Y recorder with the cross-section area of the 
superconductivity object. 
[0030] 

[Effect of the Invention] According to this invention, the long body of a metallic coating type 
oxide superconductivity line without sintering **** can be acquired by being stabilized in the 
state of excelling in homogeneity-shaped [ cross-sectional ] and the superconductivity 
characteristic. Moreover, it excels in the restoration workability to the metal pipe by a forming 
object method, and excels in the manufacture efficiency of the oxide superconductivity line. 



[Translation done.] 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] The sectional view which illustrated the oxide superconductivity line. 
[Drawing 2] The sectional view which illustrated other oxide superconductivity lines. 
[Drawing 3 ] Furthermore, the sectional view which illustrated other oxide superconductivity 
lines. 

[Drawing 4] The cross-sectional explanatory view of the example of a manufacturing process. 
[Drawing 5] The partial section perspective view of the conventional example. 
[Explanations of letters or numerals] 
1 : Metallic coating layer 

2: The sintered compact of an oxide superconductivity object 
21 : A rod-like forming object 



[Translation done.] 
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^co^zmmrux^mmzmxmm^^ti 

[00213 sbswu*, &mmm*<mmmm 
20 W*><)V9itLX-mt*^htzfr<nk<r>X'foh. 
*CI1 ?4 fi&n-imBbltzbcoizttlXffiiiXk 

mmixi>£\\ mmm*. mmmw&wrfm 

1,ZfotXftmzWfcZtl&. -jRWi7 00-12 00 

taw*-*. 

[00223 msmmt* mz.i l mmtfx%m%. 2 

30 co. mmmmmmmtzfctxs&iz&feixx 

«f*u^ *m\itz&^x&&i'ii>&M%mf*b? 
hibiiwiKw tfzMmmmizmi&mw&m (& 
m>w t) <nm&. m±vm<n££?i>x^i. mo 
mtixh^\ 
[002 3] mmi 

^v^. 8 3o^ct'2o^<s«L. *tiimwr&# 

fr«:3H«l9jiLr»^Bii.8Pbo.4Sr2Ca2Cu30y 

40 &izxh»m*mnm^aMU m&e.om % 
&z i o ommmmftzwc. • 
[00243 mzmwmifmfazm 1 . 0™. a 

f57.0mm<7)^AM7 e ^^L. f^^MLt^ 
ihL^a, »5 0 0iC<Ojn»?JH«T : Cl./10 6 To 

^•C£EffiLT«3iiin, JJS0. 3mm (jB1B9ia^9$ 
1 OO^rn) . ^$^1 0m^T-r^DXL8 3 0°C 
50 X'ftl5 0#fflti&tik. *tliZ7UAimZ1&lX8 3 



(4) 

5 

mw.mmwz. it c>titzmmmw,mmztimmtuz 

0 . BBWtgS^JSti 2 2 0 0 0 A/cm* ( 7 7 K ) X'fo 

[0025] mmm2 

tcfr^tz, 4fc, Wmi-i&mil 0 6X'hL B&#m 10 
S®Jgte 19 0 0 0 A/W ( 7 7 K ) X'foitz. 

[0026] immi 

mmmm wtx&st&ti ; t %< wzmw tk. 
ymtxT-nti. mmmamx-m^muz^ 
ttmi&miiz®tx%z$)i Qmmimtm&m® 
fz. w»u mtitzmmmmmzummtim 

&CD®mztmt>1xfz. £tz, *<?)&ftiE&ttl 0 5K 
X'M. SS#mSS$©i5 0 0 OA/cm* (77K) X' 

h->tz. 

[0027]it«iW2 20 

mmiwrn^m^m^mmzunx-th z t % < 
zott&wu rizmuzmAttmmi mtx 
%ii$)iom<vwi{tmzmmmwz. i>u nctc 
tz®mnmm.iz\tmmixifim<?> mizim hti 
tz.ttz, zm&msMti o 5kt£>9, m-'gm 

mtA 0 0 0 A/cm* ( 7 7 K ) 



^¥6-309967 

6 

[0028] ^tJfJietCfc^'r . IS#fflK(i 1 0 A/cm 
2 ^1»S®«T. &«$T'tfifflL&^4W£-cmm 

[ 0 0 2 9 ] i £E§#mffi$K(i . A7- 'J - H fc ftfc 

AWf-mzs. ^ns.^^<n^s.<r>m\m,mzi.h^t 

[0030] 

vimmt&z&ix&vmx'm ix®& z t mt 
h. ttzmwii&izih±u,>M7w%mmmz 
fstixmrnimmmmmmtzmix v>* . 

[Hi ] ®mm%M®zmitzmm®. 
i®2] mownmm%.mmm*uzm®. 

[03 3 $4>MWi!ttie^»tS$-^L/;lli®ll. 

[14] mmmmmmwfm. 
i : &m.mm 

2 : 

2 1 : #«Bag* 



[EI13 [02] [03] 



[04] 



[05] 



